INTRODUCTION
Tropical mangroves are common in many estuaries and sheltered bays, and support rich assemblages of flora and fauna through the provision of shelter and stable substrata (Chapman & Underwood 1995 , Lee 1999 , Kathiresan & Bingham 2001 . Many of the fish and invertebrates using mangroves support fisheries of considerable economic ) and social (de Boer et al. 2001 ) value, with fishery resources linked strongly to the 'health' of mangrove systems (Kathiresan & Rajendran 2002) . Temperate mangroves are poorly studied in comparison to tropical systems, and there is little understanding of the importance of temperate mangroves as a habitat for fish and invertebrates.
ABSTRACT: Mangroves and mudflats are a conspicuous element of temperate estuaries in southeastern Australia, but our understanding of their use by fish is poor. A combination of experimental and survey methods were used to investigate (1) the utility of pop nets in sampling fishes and (2) patterns in fish assemblages among mangrove zones (forest, edge, mudflat) in 2 large embayments between October 2003 and January 2004. In the experimental assessment of pop net artefacts, there were no statistically significant differences (p >> 0.05) in assemblage structure, species richness (number of species) or abundances of fish among net disturbance treatments regardless of structure (seagrass or unvegetated sand). These results were not simply due to type II errors. The statistical power to observe an effect of net disturbance on fish abundances and species richness generally exceeded 80%. In the pop net survey of fish using mangrove zones, only 15 species of fish (9 families) were caught, but assemblages varied strongly among zones. Small (< 30 mm) benthic gobiids, such as Pseudogobius olorum Sauvage 1880 and Mugilogobius paludis Whitley 1930, and juveniles of the atherinid Atherinasoma microstoma Gunther 1861 dominated catches in the forest. The sillaginid Sillaginodes punctata Cuvier 1829, the tetraodontid Tetractenos glaber Freminville 1813 and a further 2 species of gobiid, Arenigobius frenatus Gunther 1861 and Favonigobius lateralis Macleay 1881, dominated catches along the edge and over the mudflat, but these species were more abundant along the edge. Fish densities were significantly lower (p < 0.05) in the mudflats (0.37 ± 0.05 fish m -2 ) than in the forest (1.98 ± 0.36) or at the edge (1.42 ± 0.43); species richness was greater along mangrove edges (0.25 ± 0.19 species m -2 ) than in the forest (0.17 ± 0.06) and in the mudflats (0.12 ± 0.02); biomass was greater (but not significantly) at the edge (4.64 ± 2.09 g m -2 ) and in the mudflats (4.06 ± 1.79) than in the forest (1.20 ± 0.38). Seine nets caught fewer individuals (0.95 ± 0.17 fish m ) than pop nets (see above) in mudflats. Differences in the fish assemblage structure among zones suggest that overall fish biodiversity may increase in fragmented mangrove landscapes as relative amounts of edge to area increase, but this could detrimentally affect abundances and species richness of resident mangrove fishes.
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The relative value of mangroves, compared with alternative (often adjacent) intertidal (e.g. mudflats, seagrass) and subtidal (e.g. coral reefs) habitats, to fish and invertebrates is well studied in the tropics (Blaber et al. 1989 , Nagelkerken et al. 2000 , Mumby et al. 2004 , and better studied for juvenile than adult life stages (Robertson & Duke 1987) . Mangroves are generally thought to be more important to juvenile fishes than sparsely vegetated mudflats or intertidal seagrasses. This idea is based largely on correlative data (Nagelkerken et al. 2000 , Hindell & Jenkins 2004 , although recent experimental and review studies suggest that mangrove structure minimises predation and maximises food availability (Laegdsgaard & Johnson 2001 , Sheridan & Hays 2003 . Conversely, Sheridan & Hays (2003) found that nekton densities were sometimes lower in mangroves compared with adjacent habitats. Only 2 studies have compared fish use of mangroves with unvegetated mudflats in temperate regions. The results were highly variable in time and space (Clynick & Chapman 2002 , Hindell & Jenkins 2004 , but there was often little difference in response variables (e.g. fish abundance) between the 2 habitats.
Comparisons of fish use among habitats provide gross estimates of habitat usage, but in anticipation of the need for a more process-based approach to attributing values of importance to mangroves as fisheries habitat (Sheridan & Hays 2003) , and in recognition of the application of landscape-scale approaches to assessing fish-habitat relationships (Robbins & Bell 1994 , Bell et al. 2001 ), a better understanding of spatially explicit patterns of fish use within habitats (among microhabitats) must be gained. Mangroves have generally been treated as a single habitat unit, the value of which has been inferred from samples taken at 1 stratum (or zone), usually along the seaward edge (Hindell & Jenkins 2004 ), but fish and invertebrate assemblages may vary strongly with distance into mangrove forests. Fish abundances and biomass may be greater at 'inland' mangrove positions (Ronnback et al. 1999) , with juvenile fish and prawns moving considerable distances into mangrove forests (Vance et al. 1996) , depending on topography and current patterns (Vance et al. 2002) . Conversely, assemblages of epibenthic nekton may be more abundant and diverse along the edge than inner forest regions of mangroves (Vance et al. 1996 , Meager et al. 2003 . Understanding how assemblages of fish differ between the edge and interior of mangroves, and how these patterns differ from adjacent habitats will have applications in improving sampling of mangroves per se and in understanding the consequences of habitat fragmentation.
Bottomless pop-up nets (sensu Connolly 1994; also called bottomless lift nets, Rozas 1992), hereafter referred to as pop nets, have been effective in sampling nekton from intertidal habitats such as salt marshes and seagrass with high levels of structure, but have not been used in mangroves. Pop nets are advantageous over alternative gears (e.g. throw, seine, drop, flume and block nets) because sampling efficiency is not reduced by dense vegetation, their use is not restricted to areas along navigable channels and they can be set-off remotely (Kneib 1991 , Rozas 1992 , Connolly 1994 . A potential drawback in using pop nets is that there is often significant disturbance of the sampling area by trampling and digging-in of net structure. This disturbance may attract or disperse fish and invertebrates, thereby confounding measures of association for a particular habitat type, but no study has attempted to address this issue experimentally.
The present study consists of 2 parts. First, we assessed artefacts associated with setting pop nets (pop net artefact experiment) by investigating whether the disturbance of setting pop nets influenced local assemblages of fish in habitats of widely different structural complexity (intertidal seagrass versus intertidal unvegetated sand). Second, we compared fish assemblages among mangrove zones (pop net survey of fish in intertidal habitats) (1) to quantify densities of fish using mangrove forest (≈20 to 30 m landward of the seaward margin of the mangroves), mangrove edge (seaward margin of mangroves) and sparsely vegetated mudflat; (2) to compare pop net catches to those of traditional gears such as beach seine nets; and (3) to examine whether inundation regimes influence assemblages of nekton using intertidal habitats.
MATERIALS AND METHODS
Study regions. The pop net artefact experiment was performed in Port Phillip (144°38' 57.594'' E, 38°07' 39.884'' S, see Hindell et al. 2000) , a large (1950 km 2 ), circular, semi-enclosed tidal embayment (Black et al. 1993) , joined with the ocean of Bass Strait through a narrow rocky entrance. Tides in Port Phillip are semidiurnal with a range of less than 1 m; currents are generally weak (Black et al. 1993) and there is little thermal or salinity stratification (Longmore et al. 1990) . A study region was chosen in Port Phillip because it has large areas of intertidal seagrass Zostera muelleri Irmisch ex Ascherson 1867 amongst which are dispersed patches of unvegetated sand. We have excellent baseline data on fish-habitat associations over the last 10 yr in Port Phillip (Jenkins & Black 1994 , Jenkins & Wheatley 1998 , Jenkins & Hamer 2001 and the study area was accessible in all weather conditions, enabling us to maximise the number of sampling dates.
The pop net survey of fish in intertidal habitats was performed in Western Port (145°11' 27.180'' E, 38°21' 17.349'' S, see Hindell & Jenkins 2004 ), a tidally dominated system (semi-diurnal with a range of 2.3 m) with approximately 90 km 2 of intertidal mudflat, 15 km 2 of which is covered by a single species of mangrove, the grey mangrove Avicennia marina (Forskaal) Vierhapper 1967. Individual trees here are smaller (< 3 m in height) than in the tropics, where this species may exceed 10 m (Harty 1997) , and the stands of mangroves are largely restricted to protected regions of the bay where the substratum is muddy sand. The study region in Western Port was chosen because it has large stands of mangrove, the substratum is firm enough to enable nets to be set by foot and we have a good understanding of the local fish assemblages (Robertson 1980 , Edgar & Shaw 1995a . The intertidal can be separated into 3 habitat zones: (1) mangrove forest (≈20 to 30 m landward of the seaward edge of the mangroves); (2) mangrove edge (seaward edge of the mangrove forest); and (3) intertidal mudflat (an area of the intertidal without mangroves at the terrestrial-marine confluence). Intertidal elevation gradually decreases from the mangrove forest to the edge, but the cycles and extent of tidal inundation were similar between the mudflat and the mangrove edge.
Study design. Pop net artefact experiment: The pop net artefact experiment assessed whether the disturbance of setting nets influenced fish assemblages that used habitats of different structural complexity (seagrass, unvegetated sand). The design of the pop nets was based on that of Connolly (1994) and enabled nets to be constructed in situ. Each net had 5 × 5 m buoyant and weighted frames made from 20 mm PVC pipe (Fig. 1A) . Silicone sealant was used to seal air inside the buoyant frame; steel rods (10 mm diameter by 4 m) were placed inside the weighted frame. The frames were attached to the top (buoyant frame) and bottom (weighted frame) of a net (20 m long × 1.2 m high with 1 mm mesh and a zip at 1 end to allow the net to be formed into an enclosure) by sliding 5 m lengths of frame into 'sleeves'. The 5 m frame components were joined via 20 mm PVC 'elbows'.
On each of 5 different occasions, a single replicate of each of 3 net treatments (pop net + channel, channel only, unmanipulated) was set up in seagrass and unvegetated sand at low tide. The pop net + channel treatment consisted of a 5 × 5 m channel (5 cm deep and 10 cm wide) within which a pop net (including frames) was placed. The buoyant frame was attached to the weighted frame with two 20 mm plastic hose clamps (combined with a cable tie) placed at intervals along each side ( and treatments reapplied to previously unmanipulated plots).
Fish using the treatments in each habitat were collected with a small beach seine net (10 m long × 2 m high with 1 mm mesh) at high tide. These nets have been used extensively to sample small and juvenile fishes in seagrass and unvegetated sand habitats (Connolly 1994 , Jenkins et al. 1997b ). The beach seine net was set around 1 corner of the treatment plot and hauled across to the opposite corner.
Pop net survey of fish in intertidal habitats: Pop nets were used to quantitatively sample fish in 3 mangrove zones (forest, edge, mudflat) on 7 different occasions. A different plot of each habitat was selected on each occasion (n = 7), so that nets were not repeatedly sampling the same area. Pop nets were set in the substratum according to the methods above (for pop net + channel). Care was taken to ensure there were no gaps through which fish could escape between the substratum and the weighted frame. A release mechanism, consisting of a 20 kg monofilament line joined to plastic hose clamps at 3 positions along each side of the net (Fig. 1A) , was attached to each pop net so that they could be set off remotely. For each pair of opposing sides, lines were run to a single point 30 m away, which was marked with a buoy so that it could be found at high tide (Fig. 1A) . The nets were built in situ so that they could be set around mangrove trees and other structures. At high tide, a person waded quietly to each buoy and retrieved the steel peg with the lines attached. The monofilament lines were then simultaneously pulled to release the buoyant frame, which rose to the surface within 1 to 2 s. Nets were monitored to prevent bird predation. When the tide had receded, trapped fish were collected by hand.
A beach seine net (as in the pop net artefact experiment) was used to sample fish at high tide from mudflats so that we could compare this method with pop nets. The pneumatophore zone and mangrove forest could not be sampled with the seine net because of the high levels of structure. Setting and retrieving this seine net is well described (Jenkins et al. 1997a,b) . Briefly, 1 of the 10 m ropes attached to the side of the seine net was set in a straight line, the net was then set at approximately 60°to the rope and the final rope was set at approximately 60°to the net in the form of an equilateral triangle. The net was then hauled into a bin by 2 people, sampling an area of approximately 75 m 2 . Water depth at the time of setting pop and seine nets was recorded so that we could assess whether samples varied with the degree of tidal inundation.
In both the experimental and survey parts of our study, fish were identified to species and their length (from the snout to the caudal peduncle, SL; mm) was measured. In the pop net survey, the weight (g) of each fish was also recorded. Fish that could not be identified in the field were anaesthetised, preserved in ethanol and returned to the laboratory, where they were identified to species (Gomon et al. 1994) , and their SL and weight measured. All work was carried out between October 2003 and January 2004.
Statistical analysis. Univariate data: All data were checked for normality and homogeneity of variances. Data that failed to meet these assumptions were transformed (log 10 x + 1) and reassessed.
For the pop net artefact experiment, differences in fish abundance, species richness and abundance of gobiids (the most common family caught) among net treatments and between habitats were compared using 2-factor analyses of variance (ANOVAs). Net treatment and habitat were treated as fixed factors, and sampling occasions provided the replication (n = 5). Differences among levels of fixed factors were assessed with a posteriori planned comparisons (Quinn & Keough 2002) . Power analyses were used to assess our confidence in detecting a difference among net treatments if one actually existed (Quinn & Keough 2002) , and were calculated based on an effect size of 100% (e.g. a doubling of fish numbers) using G*Power (available at www.psycho.uni-duesseldorf.de/aap/ projects/gpower) (Erdfelder et al. 1996) . This effect size was within the range of variability recorded in previous studies that quantified fish abundances in seagrass and unvegetated sand at our study region (Jenkins et al. 1997b , Hindell et al. 2000 .
For the pop net survey, fish abundance, biomass and species richness were adjusted by the area of habitat sampled; pop and seine nets sampled areas of 25 and 75 m 2 , respectively. Differences in fish abundance, biomass and species richness among zone by gear combinations (i.e. pop net -forest, pop net -edge, pop netmudflat, seine net -mudflat) were compared with 1-factor ANOVAs. The net by habitat combination was treated as a fixed factor and sampling occasions provided the replication (n = 7). Planned comparisons were used to assess whether variables (1) sampled with pop nets differed among zones, and (2) sampled only from mudflats differed between seine and pop nets. The relationship among variables (fish abundance, biomass and species richness) and water depth was analysed with regression analyses for zones and gear types separately. Probability values from these analyses were adjusted using a Bonferroni procedure (Quinn & Keough 2002) to reduce the type-I error rate. All univariate analyses were performed with SYSTAT statistical software (Wilkinson et al. 1992) .
Multivariate data: The similarity in the assemblage structure of fish among (1) net treatments and habitats (pop net artefact experiment), and (2) habitats and gear types (pop net survey) were analysed with nonmetric multidimensional scaling (nMDS) based on Bray-Curtis dissimilarity measures (Clarke & Warwick 2001) . Data were 4th root-transformed to reduce the influence of numerically dominant species. A priori null hypotheses were tested statistically with analyses of similarity (ANOSIM), and similarity percentages (SIMPER) were used to calculate the relative contributions to differences by particular species. Where multiple pair-wise tests were performed, p-values were adjusted using Bonferroni corrections to reduce the experimental type-I error rate (Quinn & Keough 2002) . All multivariate analyses were performed with Primer version 5.0 (Clarke & Warwick 2001) .
RESULTS
Pop net artefacts
In assessing whether setting pop nets altered assemblages of fish associated with habitats of different structural complexity (seagrass and unvegetated sand), 464 fish from 14 species (9 families) were collected ( Table 1) . Assemblages of fish varied weakly between habitats (ANOSIM: global R = 0.165, p = 0.044; Fig. 2 ), but not among net treatments (ANOSIM: global R = -0.155, p = 0.990; Fig. 2 ). SIMPER showed that Favonigobius lateralis (36%), Rhombosolea tapirina (14%), Heteroclinus perspicilatus (11%) and Nesogobius sp. 1 (9%) contributed to 70% of the difference in assemblage structure between habitats.
There was little difference in total fish abundance, species richness and gobiid abundance among net treatments or between habitats (Table 2, Fig. 3 ). Only species richness differed significantly between habitats, with more species in seagrass than unvegetated sand (Fig. 3) . Importantly, with respect to assessing whether setting pop nets in habitats of different structural complexity influenced fish samples, the interaction terms between pop net treatment and habitat were highly non-significant (p > 0.586) for all 3 variables. The statistical power to detect differences of 100% was adequate (Table 3) . There was at least an 80% likelihood of detecting a significant (p < 0.05) change of 100% in abundances of fish (effect size) associated with the pop net + channel or channel only treatments compared to unmanipulated plots in seagrass and unvegetated sand. The power of the statistical analyses to assess whether species richness and abundances of gobiids varied between treatments was lower (40 to 50%) in unvegetated sand (Table 3) , but 97% for species richness in seagrass.
Pop net survey of fish in intertidal habitats
The pop nets collected 15 species of fish from 9 families (Table 4) . Benthic fishes such as gobiids (6 species) dominated (42% of all fish caught), but semi-pelagic species (e.g. Atherinasoma microstoma, Sillaginodes punctata, Aldrichetta forsteri, Arripis trutta and Arripis truttacea) were also sampled. Many of the fishes, particularly the gobiids, were adult/subadult stages, but juvenile stages of S. punctata, Rhombosolea tapirina, A. forsteri and the arripids were also collected ( Table 4) .
The assemblage structure of fish differed strongly among habitats (ANOSIM: global R = 0.603, p = 0.001; (Table 4) and contributed more than 75% to the differences between gears. Fish abundances (ANOVA: df = 3, 24, F = 9.790, p < 0.001) and species richness (ANOVA: df = 3, 24, F = 21.823, p < 0.001) differed significantly among zones, but fish biomass did not (ANOVA: df = 3, 24, F = 1.757, p = 0.185; Fig. 5 ). Fish abundances were greater in forests (Planned Comparison [PC]: df = 1, 24, F = 16.231, p < 0.001) and along the edge (PC: df = 1,24, F = 6.835, p = 0.015) than in mudflats, but not significantly different between edges and forest (PC: df = 1,24, F = 2.000, p = 0.170). There was no significant difference in fish abundance collected on mudflats between seine and pop nets (PC: df = 1, 24, F = 0.477, p = 0.496). Species richness was greater along edges than in forests (PC: df = 1, 24, F = 8.425, p = 0.008) or mudflats (PC: df = 1, 24, F = 20.805, p < 0.001), and differed little between forests and mudflats (PC: df = 1, 24, F = 3.743, p = 0.110), although the species composition was markedly different (see above). Significantly more species were sampled with the pop than the seine nets (PC: df = 1, 24, F = 21.871, p = 0.003).
Fish abundance, species richness and biomass collected with the pop nets varied weakly with water depth, regardless of the habitat. Once the significance levels were adjusted (Bonferroni procedure), however, depth did not explain a significant amount of variability for any of the variables (p > 0.016).
DISCUSSION
Utility of pop nets for sampling fishes
Accurately quantifying abundances of fish in habitats with high levels of structure can be exceedingly difficult. Seine and trawl nets are largely limited to habitats with little 'rigid' structure such as seagrass and unvegetated sand. Fyke and gill nets, fish traps and underwater video are useful in sampling fish in habitats with high levels of physical structure, such as rocky/coral reefs and mangroves, but do not accurately measure density, only relative estimates of occurrence. Pop nets are advantageous over these gears, in that they can be used to sample habitats with high levels of rigid structure and provide measures of density. Unfortunately, however, pop nets are effort-intensive to set up, and a consequence of this effort is that the area immediately adjacent to the net is greatly disturbed by, for example, human trampling and digging the net into 199 ) among pop net experimental treatments (pop net + channel, channel only, unmanipulated) for each level of structural complexity (seagrass, unvegetated sand). n total = 30 the mud. This raises 2 questions, neither of which have been previously considered.
(1) Does the disturbance influence estimates of assemblage structure by, for example, attracting some species and/or dispersing others? (2) Are the effects of disturbance consistent between habitats of widely differing structural complexity? The second question is pertinent given that the aim of many studies is to compare fish assemblages using alternative habitats, often with very different structural attributes. In our study, the disturbance of setting pop nets changed neither the assemblage structure nor univariate measures of abundance (e.g. species richness or total numbers), regardless of the structural complexity of the habitat. Furthermore, these patterns were not simply a reflection of type II errors, that is concluding 'no effect' when there actually was one. Power analyses showed that we often had power in excess of 80% to detect changes in fish abundance among pop net treatments. Our results that no disturbance effect is observed when setting pop nets enable subsequent differences (or lack thereof) among habitats to be interpreted as habitat-specific processes rather than sampling artefacts. Small (< 20 m) beach seines are commonly used to collect fish in soft sediments and provide reliable estimates of abundance for many nektonic taxa (Connolly 1994 , Jenkins et al. 1997b ). The use of pop nets is also an efficient method of collecting small and juvenile fishes, and there is some evidence that these nets are actually better at sampling intertidal fishes than seine nets (Connolly 1994 , Rozas & Minello 1997 . The pop nets in our study collected more species, greater biomass and larger numbers of fish than seine nets. The 'assessment of artefacts' component of our study showed that this difference was not simply due to sampling bias. As in the work of Connolly (1994) , the pop nets used in our study were highly effective at catching smaller sedentary species, particularly gobiids. Previous sampling in the same region with fyke and gill nets, however, collected few small fishes (Hindell & Jenkins 2004) . Furthermore, in our study, transient species such as Arripis truttacea and Tetractenos glaber, which move over scales of 100s to 1000s of metres, were also collected, helping to dispel concerns that pop nets are restricted to sampling only small (< 5 cm), relatively sedentary (that move over scales of 10s of metres) species.
Assemblages of fish associated with temperate mangroves
Temperate mangroves are thought to have fewer species and lower abundances of fish than tropical systems (Clynick & Chapman 2002 , Hindell & Jenkins 2004 , possibly as a function of latitudinal trends in productivity (Saenger & Snedaker 1993 , Alongi et al. 2000 . Accurate estimates of density are rare in tropical/subtropical systems and completely absent in temperate mangroves (until our study). In our study, total densities of fish in the forest (13.9 fish m ) in our study were also greater than those measured in the tropics by Vance et al. (1996) ). Notwithstanding potential differences in the gears used, total species richness was considerably lower in our study (15 species overall and 8 species inside mangroves) compared with Vance et al. (1996) along the creek/mangrove interface (26 species) and Ronnback et al. (1999) (37 species), but similar to Barletta et al. (2000) (14 species). Our study represents the first quantitative estimates of fish density and species richness in temperate ) have been log 10 (x + 1)-transformed. Actual percent differences between unmanipulated and manipulated treatments given in parentheses. SD: standard deviation. All analyses were performed at F 2,12 = 3.885. λ: non-centrality parameter mangroves. While our study is consistent with previous work showing relatively low species richness in temperate systems (Clynick & Chapman 2002 , Hindell & Jenkins 2004 , fish densities are comparable to those measured in tropical and subtropical mangroves.
Variability in assemblages of fish using mangroves versus mudflats
Fish abundances and species richness in mangroves are often greater than those in adjacent mudflats (Kathiresan & Bingham 2001) , and this pattern is thought to reflect greater provision of food and/or protection from predation via structure provided by mangroves (Laegdsgaard & Johnson 2001) . The degree to which temperate mangroves support richer fish assemblages than adjacent mudflats strongly depends on location (Hindell & Jenkins 2004 ), but at most locations, abundances and species richness are greatest in mangroves. Interpreting these patterns from previous tropical studies may have been difficult because fish assemblages that used mangroves were often compared with those that used alternative habitats at different depths or proximity to the shore (e.g. Nagelkerken et al. 2000) . In our study, however, large gaps (100s of metres) between mangrove stands enabled us to sample mudflats with almost identical regimes of tidal inundation and proximity to the shoreline. Although we collected a similar number of species between habitats, the taxa and fish abundances from mangroves were very different to those of mudflats. Small taxa dominated by gobiids occurred almost exclusively inside mangrove forests, whereas larger mobile species were common on mudflats. Fish abundances were > 4 times greater in mangroves than mudflats, while biomass showed the reverse pattern. Given the refuge role of mangroves, it is possible that small fishes may be confined to mangroves in our system by larger predatory fishes such as arripids, which are common along habitat edges and over unvegetated habitat (Robertson 1982, 201 Hindell et al. 2000) . The larger fishes that use mudflats, such as Sillaginodes punctata, may be too large for these predatory species to consume. Alternatively, mangroves may have lower abundances of infauna than adjacent habitats (Alongi & Sasekumar 1992) . Many of the infaunal/epifaunal taxa important in the diets of fish use unvegetated mudflats (Edgar & Shaw 1995b) , so a greater biomass of fish (and larger size of fishes) using mudflats may also reflect energy budgets and local variability in the availability of prey. The most abundant species collected from mudflats (Sillaginodes punctata, Favonigobius lateralis and Tetractenos glaber) in our study were consistently sampled from mudflats and seagrass beds throughout Western Port by Shaw (1995a) and Robertson (1980) . One of the most abundant species we collected in mangroves (Pseudogobius olorum) was common on mudflats adjacent to stands of mangroves in other regions of Western Port (Edgar & Shaw 1995a) . The other abundant mangrove-associated fish (Atherinasoma microstoma) was not taken from unvegetated mudflats in either our study or that by Robertson (1980) , although in Robertson's study, this species was common in seagrass. Rhombosolea tapirina was common across all habitats in our study, but previously only occurred over mudflats. The most conspicuous species sampled primarily from mangrove forests in our study (Mugilogobius paludis) was not recorded previously, and may be one of the few truly resident species in our temperate mangrove system.
The intertidal nature of mangroves may preclude their use by fish at low tide unless they can remain in deeper channels with residual water, take refuge in burrows, or have physiological adaptations enabling them to remain out of water (Barletta et al. 2000 (Barletta et al. , 2003 . Fishes using forests in our study were dominated by small (< 30 mm) gobiids, some of which (e.g. Mugilogobius paludis) are rarely caught outside mangroves (Robertson 1980 , Edgar & Shaw 1995a . The man- ) among zones (forest, edge, mudflat) collected with pop and seine nets. n total = 28 groves in our study have few (if any) deeper channels with residual water at low tide, so 'resident' species must have physiological adaptations that enable them to cope with periods of emergence and/or seek refuge in burrows, buried in the mud or hidden in epiphytes attached to pneumatophores (Barletta et al. 2000) . If fish were seeking refuge in crab burrows or were able to withstand extended periods of emergence, we would not have expected them to aggregate in the last remaining water at the lowest point of the pop net (the point from which they were collected). It is possible that some 'resident' species may follow the falling tide to the seaward edge of the mangroves, at which stage they seek refuge within epiphytes and in smaller water depressions, to minimise emergence times and desiccation. This is purely speculative, however, and further work is needed to better understand the fine-scale patterns (over metres) of movement of intertidal fishes with tidal flooding regimes.
Zonation of fish assemblages in mangroves
Stands of mangroves are generally viewed as a single habitat and sampling is commonly restricted to the edges of forests, often along the seaward edge of navigable channels. There is growing realisation, however, that fish assemblages vary greatly among micro-habitats within stands of mangroves. Ronnback et al. (1999) and Meager et al. (2003) have shown strong patterns of zonation for fish and invertebrates in tropical mangroves. Ronnback et al. (1999) found large differences in fish assemblages between microhabitats (pneumatophore versus prop roots) within mangrove forests, and richer assemblages inside the forest than along the edge. Conversely, Vance et al. (1996) reported greater abundances and more species of fish along the mangrove fringe than at sites inside the forest. Meager et al. (2003) also observed greater numbers of epibenthic crustaceans at the mangrove edge than inner forest sites, and this pattern was not driven by microhabitat differences (vegetated versus cleared) between locations. Our results show that fish assemblages along mangrove edges are as different from those inside the mangrove forest as those in adjacent mudflats. Assemblages inside the forest were dominated by small taxa, particularly gobiids, whereas those along the edge consisted of more species and greater mean size. Fish abundance differed little between forest and edge, but species richness and biomass were lower in forest than along the edge. Recent work by Vance et al. (2002) shows that differences in faunal abundances among regions within mangrove forests largely depend on local topography and water currents. In our study, water depth within a zone was a poor predictor of fish abundance, species richness, or biomass among sampling occasions. More likely, broad differences in physical structure, and the effects of this structure on productivity and faunal interactions (e.g. predation), are most important in shaping patterns of zonation of fish within mangrove forests.
The greatest species richness, biomass and abundances (the latter 2 in association with mudflats and forests, respectively) of fish along the edges of mangroves in our study is consistent with work in tidal marsh systems showing significant edge effects. Invertebrate and vertebrate taxa may vary strongly at the edge of salt marshes, with species richness and abundance of nekton both increasing and decreasing, respectively, with distance into salt marshes (Peterson & Turner 1994 , Minello et al. 2003 . There can be strong links between infauna and nekton near the marsh edge when decreases in infaunal densities close to the marsh edge coincide with increased abundances of nekton predators (Whaley & Minello 2002) , and strong positive relationships between nekton abundances and amounts of intertidal edge (Webb & Kneib 2002) . While there can be a lot of variation in numbers of species and densities of nekton between locations within a marsh (Thomas & Connolly 2001 , Osgood et al. 2003 , the patterns depend on whether the unvegetated or vegetated edge of the marsh is compared with the interior vegetated regions (Minello et al. 2003) .
Coastal habitats such as mangroves are increasingly under threat from urbanisation, pollution and climate change (Alongi 2002) . A consequence of these processes can be the fragmentation of existing habitat units, with concomitant increases in perimeter to area ratios as patch size decreases. There is a need to understand how the value of habitat changes with fragmentation (Forman & Godron 1986) , and how assemblages respond to changes in landscape structure (McNeill & Fairweather 1993) . Our results showed strong differences in fish assemblages between the edge and interior of mangroves. The fragmentation of mangroves (and subsequent increases in the relative amounts of edge to interior) is likely to increase the overall biodiversity of fishes using this habitat in our study region, but may detrimentally influence abundances of species resident within the mangrove forest.
